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論 文 内 容 の 要 旨 
 
Aging of the skin is a process in which both intrinsic and extrinsic determinants lead to a 
progressive loss of structural integrity and physiological function. The intrinsic aging process 
is characterized by slow and irreversible tissue degeneration, and affects the skin as well as 
the whole body. The extrinsic aging process, i.e. “photoaging”, is provoked by chronic exposure 
to sunlight, and especially ultraviolet (UV) light. The long latency period and slow evolution 
of photoaging make human studies difficult. Therefore, the development of a reliable animal 
model is necessary to systematically study the pathogenesis of photoaged skin. At present, 
UV-irradiated skh-hairless mice are widely used as an animal model for skin photoaging. This 
model recapitulates many features of human photoaging. However, it mimics only the 
extrinsic aspects of the pathogenesis of photoaging, and the contribution of the intrinsic aging 
process is difficult to study. It is important to elucidate how the intrinsic aging process 
contributes to the pathogenesis of photoaging in vivo, since intrinsic factor(s) seems to be 
essential for the manifestation of skin photoaging phenotypes in humans. As for the 
pathogenesis of photoaging, reactive oxygen species (ROS) generated by UV radiation are 
thought to play an integral role. UV-induced ROS can exert a multitude of effects such as lipid 
peroxidation, the activation of transcription factors and the generation of DNA strand breaks. 
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In the present study, I show that the skin from old senescence-accelerated mouse-prone 1 
(SAMP1) mice, a model for accelerated senescence and higher oxidative status, exhibited 
histological and gene expression changes similar to those in human photoaged skin without 
UV irradiation. Histopathological analysis revealed an age-associated increase in the elastic 
fiber and glycosaminoglycan content of the dermis of 48- to 70-week-old SAMP1 mice. An 
upregulation of several pro-inflammatory cytokines and matrix metalloproteinases-7 and -12 
with advancing age were observed in SAMP1 skin. This mouse may be a useful model to study 
the contribution of intrinsic aging processes in the pathogenesis of photoaging. Furthermore, 
I attempted to clarify factor(s) that differentiate photoaging from chronological aging 
phenotypes. Histological changes and cytokine expression patterns were compared among 
UV-irradiated hairless mice (18 weeks of age), a standard photoaging model, non-irradiated 
mice of 18 weeks of age and chronologically-aged hairless mice (70 weeks of age). 
Histopathologies revealed that the flattening of dermal-epidermal junctions and epidermal 
thickening were observed only in UV-irradiated mice. Decreases in fine elastic fibers just beneath the 
epidermis, the thickening of elastic fibers in the reticular dermis, and the accumulation of 
glycosaminoglycans were more prominent in UV-irradiated mice as compared to non-irradiated aged mice. 
Quantitative PCR analyses revealed that UV-irradiated mice showed an increase in the expression of IFN-γ. 
In contrast, aged mice exhibited proportional upregulation of both pro-inflammatory and anti-inflammatory 
cytokines. The IFN-γ/IL-4 ratio, an indicator for the balance of pro-inflammatory and anti-inflammatory 
cytokines, was significantly higher in UV-irradiated mice as compared to control and non-irradiated aged 
mice. An elevated IFN-γ/IL-4 ratio was also observed in aged SAMP1 mice. Thus, an imbalance between 
pro-inflammatory and anti-inflammatory cytokines might be a key factor to differentiate photoaged skin 











































尚、本論文の要旨は、日本基礎老化学会、The International Federation of Societies of Cosmetic 
Chemists、日本薬学会において発表された。また、筆頭著者として国際専門雑誌である
Experimental Dermatology, 22: 62-64, 2013.、Modern Research in Inflammation, 3: 82-89, 
2014.に計２報の論文が掲載された。 
その他に共著者として、Journal of Advances in Bioscience and Biotechnology, 4:1-7,2013.、
International Journal of Bioscience, Biochemistry and Bioinformatics, 3:125-128, 2013.、
Journal of Cosmetics, Dermatological Sciences and Applications, 3:12-17, 2013.、Journal of 
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Toxicology and Environmental Health, Part A, 74: 1240-1247, 2011.、.Journal of ApiProduct 
and ApiMedical Science. 2:149-154,2010の国際専門雑誌に計 5報の論文が掲載された。 
主査、副査の博士論文本調査委員による論文審査において、論文内容は論理的で良くまとめら
れていることから、本調査委員全員一致で合格と判定され、博士論文に十分に値すると判定され
た。また、博士論文公聴会においても、発表内容は良くまとめられており、発表態度も誠実で、
質問に対しても的確に答えており、専門分野の知識を十分に兼ね備えていることから合格と判定
され、博士の学位を授与するに値すると判断された。  
